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Studies on the Plerocercoid Growth Factor of Spirometra
erinacei (Rudolphi, 1819) with Special Reference to the
Effect on Lipidmobilization in Vitro
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Introducton

Plerocercoid Growth Factor (PGF) was
first demonstrated by Mueller (1963), who
showed a growth stimulating effect in mice
infected with plerocercoids of Spirometra
mansonoides (Mueller, 1935). He also report-
ed that the mice infected with oriental
strain of Spirometra collected from Malay,
Taiwan and Australia showed less increased
weight gain (about half as much) comparing
with S. mansonoides, but oriental strain had
little or no effect on hypophysectomized and
propylthiouracil-treated rats (Mueller, 1968 ;
1970). 1t was found that PGF was produc-
ed exclusively from plerocercoids of S. man-
sonoides, and could accelarate the weight
gain in several laboratory animals, both
intact (Mueller, 1965 ; Phares and Ruegamer,
1973) and hormonally deficient animals such
as  thyroidectomized, hypophysectomized
(Mueller, 1968) or alloxan diabetic rats
(Ruegamer and Mueller, 1973). As to the
relation between the plerocercoid and its
host in lipid metabolism, Meyer et al. (1965)
reported that the weight gain in plerocer-
coid-infected hamsters was due to increased
fat. They also demonstrated that plerocer-
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coids of S. mansonoides lacked the mecha-
nisms required for the synthesis de novo of
its sterol and long chain fatty acids, and
possessed the mechanism for the synthesis
of its own triglycerides, sterolesters and
phospholipids with the use of exogenously
supplied sterols and fatty acids (Meyer ez
al., 1966).

Harlow et al. (1967) described that an
extract of plerocercoids possessed an
sulin-like activity such as stimulating glucose
oxidation and utilizing glucose for lipo-
genesis in epididymal fat pads of rats.

On the other hand, Steelman ez al. (1971)
reported that PGF had functional similarity
to growth hormone except for lipid meta-
bolism. Phares and Carroll (1977) found
that PGF exhibited such a lipogenic effect
in plerocercoid-infected hamsters as increas-
ing epididymal fat pads weight, serum
triglycerides, cholesterol, total lipids and
stimulating incorporation of [2-*C] acetate
into the liver and serum.

in-

In the light of these reports, the present
investigation demonstrates the existence of
PGF in the plerocercoid of Spirometra
erinacei (Rudolphi, 1819) in Japan and
characterization of the PGF.

Materials and Methods

Animals: Female ICR mice, weighing
approximately 10g, were purchased from
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Japan Animal Co. (Osaka, Japan).

Plerocercoids : Plerocercoids of S. erinacei
were collected from two species of snakes,
Elaphe quadrivirgata and Rabdophis tigrinus,
captured in southern area of Ehime Pre-
fecture, Japan.

Reagents: Collagenase, propylthiouracil
and pronase were purchased from Sigma
Chemical Co., bovine plasm albumine pow-
der from Armour Pharmaceutical Co., and
penicillin-G from Meiji Co.

Preparation of the incubation medium of
plerocercoids, the worm homogenate and the
extract of the worm: Plerocercoids collect-
ed from snakes were rinsed in physiological
saline solution containing 1,000 u/ml penicil-
lin-G, and the same solution was added
to the rinsed plerocercoids at the rate of
25 plerocercoids per 10ml of the solution.
Thereafter, the plerocercoids were incubated
at 30C for 12 hr. At the end of incuba-
tion period, supernatant was decanted and
subjected to centrifugation at 3,000 rpm for
10 min. The supernatant solution was
dialysed against distilled water for 48 hr.
All operations were carried out at 4C fol-
lowing the incubation. The supernatant
dialysed was lyophilized and resultant pow-
der was then dissolved in 2.0 ml of distilled
water. The solution was used as incubation
medium. The worm homogenate and its
extract were prepared by the following
procedure : about 200 plerocercoids collected
from snakes were washed in distilled water,
and placed in 10 ml of Krebs-Ringer phos-
phate buffer at pH 7.4, and then ground
with a Teflon homogenizer. After the
homogenized plerocercoids was centrifuged
at 3,000 rpm for 10 min, the supernatant
fluid was used as extract of the worm.

Infection of mice: Twenty female ICR
mice weighing about 10g were randomly
sorted into 4 groups of 5 mice each, of
which 2 groups were for the experimental
and the remaining two for the control
group. All the mice were ear-coded, and
maintained on shavings in cages, with pel-
Each

mouse of two experimental groups was in-

leted mouse food and water ad lib.
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jected under the dorsal skin with 9 scoleces
in 0.5 ml of physiological saline solution
containing 1,000 u/ml penicillin-G. The
controls received an equivalent injection of
penicillin-G without worms. After receiv-
ing the injection, each mouse of experimen-
tal and control groups was provided with
propylthiouracil (PTU) the drinking
water in the proportion of 200 mg per liter.
Animals of each group were weighed in-
dividually once a week for 10 weeks, and
average weight gain was plotted on the
graph to draw the growth curve of each
group.

In vitro assay of lipid metabolism:  The
suspended solution of fat cells isolated from
the epididymal adipose tissue of Wistar
strain rats, weighing approximatelly 200~
250 g, was prepared by the method of Rod-
bell (1964). The reaction mixture contain-
ing 0.5 ml of suspended solution of fat cells,
0.1 ml of either the incubation medium, the
worm homogenate or the worm extract,
1.0 p#g of adrenaline and 0.5ml of Krebs-
Ringer phosphate buffer (pH 7.4) containing
5% bovine plasma albumine was incubated
at 37C for 120 min. But on the assay used
growth  hormone, Krebs-Ringer
phosphate buffer was replaced by Krebs-
Ringer bicarbonate buffer (pH 7.4). The
reaction terminated by addition of
Dole’s extractions mixture. Free fatty acid
(FFA) was assayed by the method of Dole
(1951). The released FFA values were cor-
rected for FFA content at 0 time. On the
other hand, the controls without adrenaline
(or bovine growth hormone) or the sample
were also prepared and assayed by the same
method, and the released FFA values were
compared with FFA content of the control.

Protein concentration in samples was
determined by the method of Lowry et al.
(1951).

in

bovine

was

Results

Experiment on non-treated mice :
In female ICR mice receiving 9 scoleces
with an average starting weight of 10.9g,
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Fig. 1 Growth curves of non-treated and PTU-treated female mice with or without plerocer-

coids.
plerocercoid.
experimentals, open circles the controls.

and those receiving no scoleces with an
average of 11.2g, the
weight gain of the experimentals lagged
bihind that of the controls for the first two
weeks, and one of these mice died of un-
known causes in this period. At the end of
the 3rd week, however, the experimentals
significantly showed the weight gain over
the controls (P<0.05), and thereafter the
greater gain was usually kept through the
rest of the experimental period (P<0.005).
The experiment was terminated at 10
weeks, at which time the experimentals
were weighed 44.2 g, vs. 31.9 g for the con-
trols, and an average weight gain of the
experimentals was 1.6 times as much as the
controls (Fig. 1).
Experiment on propylthiouracil-treated mice :
At the end of the first week, each of the
experimentals received 9 scoleces and the
controls received sham
plerocercoids, both were kept on propylthio-

starting weight

injection without
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Experimental mice were injected under the dorsal skin with 9 scoleces of S. erinacei
The controls were injected with blank injection.
Upright lines represent standard deviation.

Solid circles represent the

uracl (PTU) in the drinking water there-
after. The weight gain of the experi-
mentals was evidently greater than that of
the controls, in spite of the PTU treatment
(P<0.05).

Although one of the experimentals decreas-
ed the weight at the 10th week, the ave-
rage weight gain of the experimentals reach-
ed 36.9g, vs. 30.9g for the controls at the
end of 9 weeks. The advantage of the
weight gain on the PTU-treated experi-
mentals was obviously a little greater than
that of the non-treated experimentals (Fig.
1), but the PTU-treated experimentals was
growing greater than the controls of non-
treated mice (P<0.05).

In vitro experiment :

An effect of the incubation medium on
adrenaline-induced lipolysis was examined
using isolated fat cells. The results are
shown in Fig. 2. Addition of the incuba-
tion medium increased lipolysis both in the
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Fig. 2 Effect of the incubation medium
on adrenaline-induced lipolysis in fat cells.
Solid circles represent the unboiled incuba-
tion medium, open circles the boiled in-
cubation medium, and square the absence
of adrenaline.

presence and absence of adrenaline. When
the incubation medium was previously boil-
ed in the water bath for 5 min., lipolytic
activity of the incubation medium was disap-
peared. On the other hand, the worm
homogenate and its extract inhibited
adrenaline-induced and bovine growth hor-
mone-induced lipolysis in isolated fat cells
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Fig. 3 Effect of the worm homogenate on
adrenaline-induced lipolysis in fat cells. Solid
circles represent the unboiled worm homogenate
and open circles the boiled worm homogenate.

(Figs. 3, 4). In contrast to the incuba-
tion medium, the worm homogenate and
the extract of the worm homogenate re-
tained the inhibitory activity of adrenaline-
induced lipolysis after boiling for 5 min.
(Figs. 3, 4). The worm homogenate was in-
cubated with pronase, followed by boiling
for 5 min. The resultant heat-treated mix-
ture was subjected to estimation of inhibi-
tory activity of adrenaline-induced lipolysis.
It was found that the pronase treatment
decreased the inhibitory activity. This fact
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Fig. 4 Effect of the extract from the worm homogenate on adrenaline- and bovine growth

hormone-induced lipolysis in fat cells.

Solid circles represent effect of the untreated

extract, open circles effect of the boiled extract, and square represent effect of the untreat-
ed extract on bovine growth hormone-induced lipolysis.
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Fig. 5 Effect of the worm homogenate treated

with pronase on adrenaline-induced lipolysis in
fat cells.

suggested that an active substance of the
worm homogenate might be proteinaceous
in nature (Fig. 5).

Discussion

It was clarified that the plerocercoids of
Spirometra erinacei (Rudolphi, 1918) in Japan
showed a growth stimulating effect on non-
treated and PTU-treated mice. Non-treated
female ICR mice receiving 9 scoleces sub-
cutaneously showed increase of the body
weight as much as that produced by S.
mansonoides (Mueller, 1963). Mice also
showed increase of the body weight by the
treatment with PTU as shown in rats by
Mueller and Reed (1968).

These results suggested that the plerocer-
coid of S. erinacei in Japan may produce
PGF in mice. The present investigation
clarified that the incubation medium of
plerocercoids promoted lipolysis in isolated
fat cells, but worm homogenate and the
extract inhibited it iz wvitro.

These facts suggested that the biological
activity of our incubation medium was
similar to growth hormone-like activity con-
firmed in the incubation medium by Phares
and Ruegamer (1973), and that the activity
of the worm homogenate and its extract

(25)
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corresponded to insulin-like activity as shown
by Harlow et al. (1967). However, Steel-
man et al. (1971) reported that PGF did
not enhance lipolysis and did not produce
the elevation of serum lipid levels in wvivo.
Phares and Carroll (1977), on the other
hand, recently reported that PGF exhibited
the lipogenic effect in vivo. In our experi-
ment, it seems that there exist two factors,
growth hormone-like and insulin-like factor
in the plerocercoid of S. erinacei in Japan.
The growth hormone-like factor of the
incubation medium was labile to heat-treat-
ment, and not dialysable. = The insulin-
like factor of the worm homogenate and its
extract was obviously stable to heat-treat-
ment, and inactivated by pronase treatment.
These results suggest that the insulin-like
factor is proteinaceous in nature.

Summary

This report demonstrated that the incuba-
tion medium of plerocercoids had lipolytic
activity, and that the worm homogenate
and its extract significantly inhibited ad-
renaline- and bovine growth hormone-
induced lipolysis in isolated epididymal fat
cells in vitro. In addition, it was confirmed
that the plerocercoid of Spirometra erinacei
(Rudolphi, 1819) from the snakes in Japan,
also produced a growth stimulating substance
in non-treated and PTU-treated mice as
much as that of S. mansonoides. While the
lipolytic factor in the incubation medium
was heat-labile, the antilipolytic factor in
the worm homogenate and its extract was
found to be heat-stable and easily inactivat-
ed by the treatment of pronase.
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Ty UBEEL R Spirometra erinacei (Rudolphi, 1819) MiFFEEH
B3¥ D Plerocercoid Growth Factor [ZDUL\ T,
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ERRCTHES Ry~ ~E, Y~7H Y X VR
Shic~< Y LVEEESR Spirometra erinacei DF
REOFEE @57 ICR R~ v 2 OEHETIC 9 HEf
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7-.

i, Tu b=V FE v T UAVEREREK (200mg/l)
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